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PDN Theory Introduction EZB SPREADTRUM 


Power Delivery Network provides power for proper operation of the processor. The frequency of the processor is 
up (о IGHz or even higher, the core quantity from single core to quad cores makes the PDN more and more 
critical. Generally the PDN includes VRM (Voltage Regulation Model), decoupling capacitors, power plane (or 
trace) and GND plane. 


The purpose of PDN design is to minimize the impedance over the all frequency range. 


The target impedance can be defined as 


7 u Vripple (max) 
1 50% X Imax 


V 


прребпах): the maximum allowed voltage variation for processor 


Imax: the maximum current 


Capacitor Frequency Characteristics KA] SPREADTRUM 


A non-ideal capacitor can be modeled by combinations of capacitance, inductance and ES о 


resistance. The right figure is the equivalent circuit. 


So there is a series resonance frequency: у 2z4 LC ШЫ. 


and the impedance is minimum at the resonance frequency point. ESR 


In order to decrease the impedance within a frequency band, one solution is to use multi different value capacitors. 


Frequency Response of a typical capacitor Frequency Response of multi capacitors combination 
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PDN Impedance Distribution EZB SPREADTRUM' 


PCB design, decoupling capacitors, chip package and chip design will dominate the PDN impedance in 


different frequency range : 

DC-300KHz: The PDN impedance is dominated by PCB and VRM 

300K-10MHz: The PDN impedance is dominated by PCB and decoupling capacitors 
10M-100MHz: The PDN impedance is dominated by decoupling capacitors and chip package 
100M-1GHz: The PDN impedance is dominated by chip package and chip design 


1G~: The PDN impedance is dominated by chip design only 


Z 


0 300KHz 10МН? 100MHz 1GHz 10GHz 


Note: the impedance distribution is theory value only 


PDN Critical Path ҚИЗ SPREADTRUM 


The following figure is the PDN model considering the parasitic parameters. The Cbuck is the DC-DC bypass 


capacitor, Cde is the decoupling capacitor. 


Lbuck 


Cbuck 


PDN: LI path + L2 path 


• Ll is the PDN's key path. PDN high frequency impedance is determined by the decoupling capacitors and loop 
effective inductance. So the decoupling capacitors must be located as close to processor power pins as possible. It is 
strongly recommended that the decoupling capacitors are placed to the back-side of the power pins. The loop 


effective inductance is proportion to the loop area. 


Best Better Bad 


• L2 and the DC impedance of Гек dominate ће PDN DC impedance. 


Stack-Up 


КИЗ 5РВЕАОТВИМ 


The adjacent layer to power plane or traces must be а complete GND plane, that can reduce the effective inductance 


of PDN. The recommended stack-up is : 


Layer Stack-Up Thickness(um) Scenario 
1 30 Signal 
| Dielectric 72 
2 30 Signal 
| Dielectric 121 
3 17 GND 
390 
4 17 Power 
Dielectric 121 
| 
5 30 GND 
72 
6 30 Signal 


Note: If need to modify the thickness, prefer to keep the distance between the power plane and GND plane, the 


core thickness can be adjusted. 


Target Impedance 


SP7731C 


K24,L24,L25,M24,M25,N24,P 
24,P25,R24,T16,T20,T21,T2 
4,016,017,020,021, 024 М17 
,V20,V21,V24,V25,W17,W20, 
W21,W24,W25,Y17,Y20,Y21, 
Y25,AA17,AA20,AA21,AA25, 
V16,W16,Y16 


K17,K20,K21,L18,L17,L20,L2 

1,M20,M19,N16,N17,N20,N2 

1,P16,P17,P20,P21,R17,R20, 
R21 


M28,N28,R25,T25,U25,AB28, 
AC28 


VDDCORE 


VDDARM 


VDDMEM 


V = 1.05v 
Maximum Current 2A 


V = 1.05v 
Maximum Current 3A 


KA) SPREADTRUM 


|тредапсе at 10КН2 =0.018 О 
Impedance at 20MHz =0.1 O 
Impedance at 100MHz =0.5 О 


Impedance at 10kHz =0.015 О 
Impedance at 20MHz =0.09 О 
Impedance at 100MHz =0.45 Q 


Impedance at 10kHz 20.020 О 
Impedance at 20MHz =0.08 О 
Impedance at 100MHz =0.30 О 


VDDCORE &VDDARM DC-DC Design [AB SPREADTRUM 


LX CORE. LX ARM trace must be as The inductor and capacitor must be placed as 
short as possible close as possible 


| 


SP7731C's GND pins mu 
blind holes and connect to the main GND plane using vias directly. 


FZ, 


VDDARM 


VDDCORE 


VDDCORE &VDDARM L2 Path Design СИЗ SPREADTRUM' 


The DC resistance of the trace is calculate by the formula: R= Pu 
x 
p is the copper electrical resistivity; L is trace length; W is trace width; H is trace copper thickness. 
Considering the heat factor, the VDDCORE trace width must not be less than 2 mm, VDDARM trace width must 


not be less than 3.5 mm. And these traces can be routed on different layers. 


etoso о 


• 
• 
• 
• 
• 
a 


VDDCORE &VDDARM Via Design СИЗ SPREADTRUM 


>The minimum number of vias depends on the current load апа return-circuit resistance. Typical blind via 
(0.1/0.25mm) and buried via (0.25/0.45mm) can be calculated according to 200mA/via and 400mA/via, the 
maximum current of VDDCORE 15 about 2A, the maximum current of VDDARM is about ЗА. 


>The blind and buried vias should be uniform distribution, the proportion may be 2:1 


Bad: vias too few Bad: vias too intensive Good 


» [n order to reduce vias' ESL and return-circuit resistance, GND vias should be placed to power vias as 


close as possible, the number of GND vias should be equal to that of power vias at least. 


VDDCORE &VDDARM Decoupling Capacitors Group BABSPREADTRUM 


Recommended decoupling capacitors group 


VDD MEN ÉL LLLA 


Note: The package of 0.1uF capacitor should be 0201 and it should be put together 
with 2.2uF and 10uF capacitors. The final decoupling capacitors group:6f VDD 


should depend on the real routing and simulation results; 


Decoupling Capacitor Position КРВ SPREADTRUM 


» 
» 
» 
» 


Decoupling capacitors must be placed to power pins as close as possible 


It is optimal to place some decoupling capacitors to backside of power pins 


The decoupling capacitors include at least а 22uF, a 10uF, a 2.2uF and multiple 0.10Е 


If need single-side placement device, VDDARM and VDDCORE’s decoupling capacitors must be as close as 


possible to BB chip. 


um mH | 


Decoupling Capacitor and Tracing KA] SPREADTRUM 
Each capacitor terminal must be connected to main GND plane using vias directly, don't share the vias. The power 


vias should be close to GND vias to reduce the loop inductance. 


€ Power Trace b @ Power Trace a 
Ww 
di 
О 
GND Plane GND Plane 
Good Bad 
The trace width must satisfy the requirement and the SP7731C chip GND pins must connect to main 
adjacent layer must be integrated GND plane. GND plane with vias, the number of vias is not less 


20 blind vias and 10 buried vias. 


ЧА 


aS, 


VDDARM 


NA 


VDDARM 


VDDCORE 
VDDCORE 


VDDAEM, УрОСОКЕ: are 
in layer 55 and 
layer 6 is ground; 


VDDCORE &VDDARM LI Path Design EAR SPREADTRUM 


LI trace determines the value of high frequency impedance, the Zin can be defined as: 
Z,, = Z *tan(B *1) 
20 is characteristic impedance mainly depended on the width and the distance between GND; / is L1 length; В is 
phase-shift constant. 
From the equation we can see high frequency impedance and LI trace Length are linear approximation. The 
shorter L1 trace, the smaller the high frequency impedance. The impedance is proportional to Zp, which is 
mainly depended on the width and the distance between GND. So we strongly recommend to keep the 


integrated GND below and above the LI trace and as close as possible. 


МСР Position K^ SPREAD 


The MCP should be placed to SP7731C as close as possible, we recommend to refer to the relative position 


figure shown as below. 


VDDMEM Power Design KA] SPREADTRUM 


1. Power plane for VDDMEM is mandatory, the plane must cover all LPDDRx signals and SP7731C's 
M28,N28,R25,T25,U25,AB28,A C28 pins. 

2. The power plane must have a integrated reference ground plane and the distance between them is as near as 
possible. 

3. Power vias and GND vias must be rectangular distribution, the proportion is at least 1:1, the GND vias must be 
close to power vias in order to reduce loop inductance. 


4. Atleast use 6 buried holes or through holes to connect power plane to SP7731C. 


LJ 
Ормо міаѕ 


VDDMEM Power Design KA SPREADTRUM 


1. Llisthecritical path, so the LI trace must be as short as possible 


2. L2trace width must be not less than 1mm 


3. Cmem is key decoupling capacitor and must get close to the power pins of SP7731C, the capacitors 


combination at least is a 10uF,a 4.7uF, а ШЕ and a O.1uF. 


VDDMEM Power Design KA SPREADTRUM 


> Сеш should be uniformly distributed around Power plane 


Top layer Bottom layer 


Each capacitor terminal must be connected to power plane and GND plane by vias directly, the proportion 


between buried holes and blind holes is 1:2 


( Power Trace ^ 4 Power Trace b 
Р M | | 


GND Plane GND Plane 


Bad 


VBAT Power Design EAR SPREADTRUM 


1. There should be a 10ЧЕ capacitor close to PMU; 
2. VBAT should meet the rule of star-topology line; 
3. Don'tconnect the VBAT DRV pins to others VBAT pins. 


PDN Analysis EAR SPREADTRUM 


Take VDDARM for example: 


The red line is target impedance and blue line is the current impedance as shown in the figure ; 


The simulation curve must below the target impedance; 
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blue line is the current impedance 
red line is target impedance 


red line is target impedance 


PI Simulation Results of Reference Phone (1) LBSPREADTRUM 
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PI Simulation Results of Reference Phone (2) KPASPREADTRUM 
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blue line is the current impedance 
red line is target impedance 


PI Simulation Results of Reference Phone (3) LBSPREADTRUM 
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THANK YOU! 


